[Rudolf-Virchow Prize 1998. Award lecture. Toxoplasmosis: a model infection for studying systemic and intracerebral immune reactions].
Toxoplasmosis has gained particular attention in the AIDS era as the most common opportunistic encephalitis in HIV-infected patients. Since there are important parallels between the human and rodent infection, experimental murine toxoplasmosis is widely used to study the immune reactions to this protozoal parasite. Oral application of low-virulent Toxoplasma (T.) gondii cysts leads to a biphasic disease characterized by an acute, generalized phase followed by a chronic stage confined to the brain, where an encephalitis with persistence of the parasite develops. Immunity to T. gondii is T cell mediated, and there is increasing evidence for a critical role of cytokines for an effective immune response. In order to address the functional role of interferon (IFN)-gamma in toxoplasmosis, we took advantage of mice lacking the IFN-gamma-receptor. Inactivation of the IFN-gamma-receptor rendered mice highly susceptible to T. gondii, and they died of a fulminant acute toxoplasmosis. Among the various organs affected, hepatitis was severe enough to cause death. In contrast to wild type animals, IFN-gamma-receptor-deficient mice were unable to activate their macrophages as evidenced by a lack of major histocompatibility complex (MHC) class II antigen induction and the absence of an upregulation of tumor necrosis factor (TNF)-alpha and inducible nitric oxide synthase (iNOS) mRNA transcripts, two macrophage effector molecules. These observations prompted the investigation of TNF- and TNF-receptor-mediated effects in toxoplasmosis by use of mice deficient in either the TNF-receptor type 1 (TNFR1) and/or the TNF-receptor type 2 (TNFR2). The lethal outcome of T. gondii-infected TNFR1/2- and TNFR1-deficient mice, but not of TNFR2-deficient and wild type animals, illustrated the important role of TNF-alpha and TNFR1-mediated signalling, respectively, in this infection. Histopathology attributed death of TNFR1- and TNFR1/2-deficient mice to a severe, necrotizing encephalitis. Unrestricted intracerebral parasite replication in these strains was associated with reduced numbers of iNOS+ leukocytes and a lack of iNOS mRNA induction in their brains as compared to resistant wild type and TNFR2-deficient mice. To precisely identify the cellular sources of cytokines in the brain, flow cytometry of leukocytes isolated from the brain, in situ hybridization, immunohistochemistry and RT-PCR analysis of cytokine mRNA transcripts of magnetically purified leukocyte populations were performed. These studies disclosed that both CD4+, CD8+ T lymphocytes and macrophages recruited to the brain as well as resident cell populations of the CNS including neurons, astrocytes and microglia contributed to the intracerebral cytokine synthesis. Each population was characterized by a specific cytokine pattern. Interestingly, activation of brain cells is a hallmark of Toxoplasma encephalitis. The marked induction of a variety of immunologically important cell surface molecules as MHC class I and II antigens, cell adhesion molecules and their ligands on microglia points to a particular important role of this cell type for the immune response to T. gondii, since the expression of these molecules is a prerequisite for cellular interactions with T cells. The observation of a prominent interleukin (IL)-10 production in the T. gondii-infected brain initiated studies addressing the function of this powerful immunosuppressive mediator in chronic Toxoplasma encephalitis. Neutralization experiments revealed that IL-10 facilitates persistence of the parasite in the brain by downregulating the intracerebral immune response. On the other hand, IL-10 may exert a regulatory role and may be necessary to prevent immunopathological effects of an uncontrolled immune response. In conclusion, these studies demonstrate the important role of the cytokines IFN-gamma and TNF-alpha and their receptors, respectively, for an effective control of T. gondii. In the CNS, the target organ of the parasite, a